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Dear Editor,

The BRD and extra-terminal (BET) family of proteins have been
implicated in malignant transformation and in cancer therapy
resistance [1]. BET inhibition may reduce transcriptional activation
of genes important in the biology of multiple myeloma, including
MYC, interferon regulatory factor 4 (IRF4), X-box binding protein 1
(XBP1), and PR domain containing 1 (PRDM1)/B-lymphocyte-
induced maturation protein 1 (BLIMP1) [2, 3].

RO6870810 is a novel thienodiazepine, small molecule, non-
covalent inhibitor of the BET family of bromodomains. It is
optimized from the well-characterized preclinical molecule, JQ1
[4]. RO6870810 potently reduced viability in the majority of the
tested cancer cell lines and was shown to inhibit tumor growth in
the murine xenograft model KMS-12BM for multiple myeloma.
These preclinical datasets provided the necessary rationale for
testing RO6870810 in relapsed/refractory myeloma patients, a
population for which novel agents and therapeutic approaches
remain a significant unmet need.

We report here an international, multicentric phase 1 trial of
RO6870810 in patients with advanced multiple myeloma to
establish the maximum tolerated dose (MTD)/optimal biological
dose (OBD). Twenty-four patients were enrolled in this study, 13 of
these were male (54-2%) and 11 female (45-8%). All received at
least one dose of RO6870810. Overall, the median age of patients
was 65-6 years (range: 46-82 years). Patients had a median of 6
(range 3-9) prior lines of therapy and were refractory to
immunomodulatory drugs (IMiDs, 46% of patients), proteasome
inhibitors (54%), IMiDs and proteasome inhibitors (38%), and
daratumumab (33%) (Supplementary Table 1).

In the dose-escalation part of the study, 13 patients were treated
with RO6870810 across ascending dose levels (0-30, 0-45, and
0-65 mg/kg). Overall, 31 treatment cycles were administered in Part 1
of the study (Supplementary Table 2). In the dose-expansion part of
the study (Part 2), 11 patients were treated at a dose of 0-65 mg/kg.

The 24 enrolled patients experienced a total of 319 AEs. All
patients in the study experienced at least one AE that was
considered related to the study treatment by the Investigator. A
majority of patients experienced at least one grade >3 AE (21
patients [87-5%)]) and/or serious adverse event (SAE) (13 patients
[54-2%]). Three patients (12-5%) experienced a total of four AEs
leading to discontinuation of the study treatment (left ventricular
dysfunction, fatigue, sepsis, and staphylococcal bacteremia; the
latter two AEs occurred in the same patient).

A total of eight deaths (33:3%) were reported in the study, all as
a consequence of progressive disease. One of these was reported
as a fatal AE of renal impairment secondary to disease progression
(Supplementary Table 3).

DLTs were not observed at the first two dose levels. One patient
in the 0-65 mg/kg cohort in Part 1 experienced a related grade 3
AE of angina pectoris and grade 4 AE of thrombocytopenia, both
of which qualified as DLT (Supplementary Tables 2 and 4). The
event of thrombocytopenia led to treatment interruption. At the
last reporting, the event of angina pectoris was resolving with
sequelae and the event of thrombocytopenia had resolved. An
angiogram was not performed. 0-65 mg/kg was the maximum
planned dose and since MTD was not reached, 0-65 mg/kg was
utilized as the dose for the expansion cohort.

The most common treatment-emergent AEs, experienced by
>30% patients, were injection site reaction (19 patients [79:2%]),
fatigue (15 patients [62:5%]), anemia (12 patients [50-0%)]),
thrombocytopenia (11 patients [45-8%]), nausea (ten patients
[41-7%]), diarrhea (nine patients [37-5%]), and decreased appetite
(eight patients [33-3%]). (Supplementary Table 5).

Grade =3 AEs occurred in 21 (87-5%) patients (59 events in
total). The AEs experienced by >=5% of patients were thrombocy-
topenia (nine patients [37-5%]), anemia (seven patients [29:2%]),
fatigue (three patients [12:5%)]), injection site reaction, malaise,
decreased appetite, hyponatremia, and platelet count decreased
(two patients [8:3%] in each preferred term [PT]).

Approximately half (13 patients [54-2%)]) of the enrolled patients
experienced a total of 31 SAEs. The SAEs experienced by >5% of
patients were thrombocytopenia (three patients [12:5%)]), injection
site reaction, acute kidney injury, and malaise (two patients [8-3%] in
each PT). One case of acute kidney injury was assessed as treatment-
related. Seven patients (29-2%) experienced 12 treatment-related
SAEs. The related SAEs experienced by >1 patient were injection site
reaction and malaise (two patients [83%] in each PT).

Chromatin immunoprecipitation sequencing previously identified
a strong BRD4-driven super-enhancer near the CD11b promoter,
and displacement of bound BRD4 from the super-enhancer element
by a BET inhibitor (BETi) results in diminished CD11b gene
expression. In this study, CD11b expression in monocytes was
measured by flow cytometry pre-dose and at various time points in
cycle 1. Treatment with RO6870810 led to sustained decreases in
CD11b during the dosing period across all dose levels (Fig. 1).

The ORR was 16-7%; of the 24 patients treated in the study, four
patients achieved a PR, one of which was reported 12 weeks after
the end of study treatment (Supplementary Table 6). No complete
responses or very good partial responses were achieved. One
patient experienced a minimal response. The clinical benefit rate
(minimal response or better) was 20-8% (five patients). 17 patients
(70-8%) achieved stable disease or better. DoR ranged between 5-3
and 6.0 weeks. There was no evidence for a dose-related increase
in efficacy, but numbers are too low to draw conclusions.

All 24 enrolled patients discontinued the study treatment. The
primary reasons for discontinuation of the study treatment were
progressive disease in 12 patients (50.0%) and withdrawal by
subject in eight patients (33:3%).
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Fig. 1 Flow cytometry analysis of percent change in CD11b
expressing monocytes from baseline count. In cases of delayed
sampling, the actual time points are shown.

Several BET inhibitors (BETis) are currently under investigation for
the treatment of both solid tumors and hematological malignan-
cies, and varying degrees of activity and tolerability have been
reported [5-71. In this first-in-human trial of the BETi RO6870810, we
have established 0-65mg/kg as the recommended monotherapy
dose in relapsed/refractory multiple myeloma. The safety profile of
RO6870810 was comparable with safety data reported for other
BETi [5] with a predominance of hematological and gastrointestinal
toxicities. A high incidence of grade 3-4 thrombocytopenia and
grade 3 anemia was observed. However, none of these events led
to study drug discontinuation. While cytopenias are a known side
effect of BETis, advanced myeloma and extensive prior therapy
likely impaired hematopoietic reserve and increased sensitivity to
myelosuppression and resultant cytopenias. In a similar trial with
RO6870810 for patients with acute myeloid leukemia, the MTD was
determined to be 0-45mg/kg in a 21-day cycle, based on DLTs
observed at 0:65 mg/kg (hypertension, anorexia, and fatigue) [8]. In
that trial, cytopenias were rarely noted as AEs, and only febrile
neutropenia (37-5% of patients) occurred in more than 10% of
patients.

Nausea, diarrhea, and decreased appetite occurred at high
frequency and were not prevented by the SC administration of
RO6870810, suggesting that these gastrointestinal AEs are not
impacted by route of administration.

Decreases in CD11b in peripheral blood mononuclear cells were
observed with RO6870810 treatment, in line with the putative
mechanism of action of RO6870810 preventing BET co-activator
loading at super-enhancers. Reductions in CD11b were most
pronounced during the end of the 14-day dosing period in cycle 1
but were similar across dose groups and showed limited interpatient
variability. Thus, the use of CD11b expression as a pharmacodynamic
marker to guide dosing and to predict response may be limited.

While our pharmacodynamic findings provided evidence for on-
target effects of RO6870810, clinical response rates with
RO6870810 were infrequent and of short duration when they
occurred. This is in line with the preliminary activity of RO687081
observed in the first-in-human dose-escalation trial where ORRs
were 25% (2/8), 2% (1/47), and 11% (2/19) for patients with
nuclear protein of the testis carcinoma (NUT carcinoma), other
solid tumors, and diffuse large B-cell lymphoma (DLBCL),
respectively [9]. Limited clinical data exist on the use of other
BET inhibitors in multiple myeloma. A phase 1 trial with OTX015
resulted in a few responses in patients with DLBCL while the best
response achieved in the 12 patients with myeloma was stable
disease (17%) or progressive disease (83%) [10].
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While treatment with RO6870810 was discontinued due to AEs
only in three patients, it could be argued that the overall limited
tolerability of RO6870810 at 0-65mg/kg, with eight patients
withdrawing from study treatment, may have resulted in
insufficient exposure to study drug to achieve a higher response
rate. Further examination of the lower dose levels in a more robust
patient population may vyield longer treatment periods and
improve clinical outcomes.

There is currently limited evidence that BET inhibition alone
results in relevant clinical activity against multiple myeloma.
Studies show the synergistic activity of histone deacetylase
inhibitors and BETis in preclinical setting [11, 12]. One approach
to explore is, combining different therapies that act on
epigenome, such as panobinostat, which is an approved
therapeutic agent for relapsed myeloma in both the United States
and the European Union. An alternative approach is to exploit the
immunoregulatory function of BETis by combining them with
IMiDs and/or anti-CD38 antibody therapies [13]. Careful titration of
BETis in rational Phase 1b combination trials supported by
preclinical synergy can be considered to optimize the risk/benefit
profile.

DATA SHARING

Qualified researchers may request access to individual patient-
level data through the clinical study data request platform (https://
vivli.org/). Further details on Roche’s criteria for eligible studies are
available here (https://vivli.org/members/ourmembers/). For
further details on Roche’s Global Policy on the Sharing of Clinical
Information and how to request access to related clinical study
documents, see here (https://www.roche.com/research_and_
development/who_we_are_how_we_work/clinical_trials/our_com
mitment_to_data_sharing.htm).

Karthik Ramasamy '™, Ajay Nooka (3 Hang Quach?, Myo Htut?,
Rakesh Popat®, Michaela Liedtke®, Sascha A. Tuchman@®’,

Jacob Laubach 38, Cristina Gasparetto®, Asher Chanan-Khan'®,
Mark Hertzberg”, Mark deMario'?, Eveline Nueesch'?,

Evelyne Chesne'?, Izolda Franjkovic'®, Katharina Lechner'?,
Martin Kornacker@'* and Hearn Jay Cho'>'®

"Department of Haematology, Oxford University Hospital, NHS Trust,
Oxford, United Kingdom. 2Winship Cancer Institute, Emory University,
Atlanta, GA, USA. University of Melbourne, St. Vincent’s Hospital,
Fitzroy, VIC, Australia. “City of Hope Comprehensive Cancer Center,
Duarte, CA, USA. *University College London Hospitals, NHS
Foundation Trust, London, United Kingdom. ®Stanford University
Cancer Center, Stanford, CA, USA. “Division of Hematology,
Lineberger Comprehensive Cancer Center, University of North
Carolina, Chapel Hill, NC, USA. 8Dept. of Medical Oncology, Dana-
Farber Cancer Institute, Harvard Medical School, Newton, MA, USA.
°Department of Medicine, Duke Univ. Medical Center, Durham, NC,
USA. "°Division of Hematology and Medical Oncology, Mayo Clinic,
Jacksonville, FL, USA. "' Department of Clinical Haematology, Prince
of Wales Hospital, Sydney, NSW, Australia. ">Roche Pharma Research
and Early Development, New York, NY, USA. "*Roche Innovation
Center Basel, Roche Pharma Research and Early Development, Basel,
Switzerland. "Roche Innovation Center Munich, Roche Pharma
Research and Early Development, Penzberg, Germany. '*Tisch Cancer
Institute, Icahn School of Medicine at Mount Sinai, New York, NY,
USA. '°The Multiple Myeloma Research Foundation, Norwalk, CT,
USA. ™email: Karthik.ramasamy@ndcls.ox.ac.uk

REFERENCES

1. Ramadoss M, Mahadevan V. Targeting the cancer epigenome: synergistic therapy
with bromodomain inhibitors. Drug Disco Today. 2018;23:76-89.

Blood Cancer Journal (2021)11:149


https://vivli.org/
https://vivli.org/
https://vivli.org/members/ourmembers/
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
http://orcid.org/0000-0003-3385-3707
http://orcid.org/0000-0003-3385-3707
http://orcid.org/0000-0003-3385-3707
http://orcid.org/0000-0003-3385-3707
http://orcid.org/0000-0003-3385-3707
http://orcid.org/0000-0003-4165-6869
http://orcid.org/0000-0003-4165-6869
http://orcid.org/0000-0003-4165-6869
http://orcid.org/0000-0003-4165-6869
http://orcid.org/0000-0003-4165-6869
http://orcid.org/0000-0003-2109-1573
http://orcid.org/0000-0003-2109-1573
http://orcid.org/0000-0003-2109-1573
http://orcid.org/0000-0003-2109-1573
http://orcid.org/0000-0003-2109-1573
http://orcid.org/0000-0001-7565-2052
http://orcid.org/0000-0001-7565-2052
http://orcid.org/0000-0001-7565-2052
http://orcid.org/0000-0001-7565-2052
http://orcid.org/0000-0001-7565-2052
http://orcid.org/0000-0002-3502-928X
http://orcid.org/0000-0002-3502-928X
http://orcid.org/0000-0002-3502-928X
http://orcid.org/0000-0002-3502-928X
http://orcid.org/0000-0002-3502-928X
mailto:Karthik.ramasamy@ndcls.ox.ac.uk

2. Delmore JE, Issa GC, Lemieux ME, Rahl PB, Shi J, Jacobs HM, et al. BET bromo-
domain inhibition as a therapeutic strategy to target c-Myc. Cell. 2011;146:904-17.

3. Lovén J, Hoke HA, Lin CY, Lau A, Orlando DA, Vakoc CR, et al. Selective inhibition
of tumor oncogenes by disruption of super-enhancers. Cell. 2013;153:320-34.

4. Filippakopoulos P, Knapp S. Targeting bromodomains: epigenetic readers of
lysine acetylation. Nat Rev Drug Disco. 2014;13:337-56.

5. Genta S, Pirosa MC, Stathis A. BET and EZH2 Inhibitors: novel approaches for
targeting cancer. Curr Oncol Rep. 2019;21:13.

6. Reyes-Garau D, Ribeiro ML, Roué G. Pharmacological targeting of BET bromo-
domain proteins in acute myeloid leukemia and malignant lymphomas: from
molecular characterization to clinical applications. Cancers. 2019;11:1483.

7. Cochran AG, Conery AR, Sims RJ. Bromodomains: a new target class for drug
development. Nat Rev Drug Disco. 2019;18:609-28.

8. Roboz GJ, Desai P, Lee S, Ritchie EK, Winer ES, DeMario M, et al. A dose escalation
study of RO6870810/TEN-10 in patients with acute myeloid leukemia and myelo-
dysplastic syndrome. Leuk Lymphoma. 2021; 1-13. [published online ahead of print]

9. Shapiro Gl, LoRusso P, Dowlati A, Do TK, Jacobson CA, Vaishampayan U, et al. A
phase 1 study of RO6870810, a novel bromodomain and extra-terminal protein
inhibitor, in patients with NUT carcinoma, other solid tumours, or diffuse large
B-cell lymphoma. Br J Cancer. 2021;124:744-53.

10. Amorim S, Stathis A, Gleeson M, lyengar S, Magarotto V, Leleu X, et al. Bromo-
domain inhibitor OTX015 in patients with lymphoma or multiple myeloma: a
dose-escalation, open-label, pharmacokinetic, phase 1 study. Lancet Haematol.
2016;3:€196-204.

11. Ramasamy K, Gay F, Weisel K, Zweegman S, Mateos MV, Richardson P, et al.
Improving outcomes for patients with relapsed multiple myeloma: Challenges
and considerations of current and emerging treatment options. Blood Rev.
2021;49:100808. https://doi.org/10.1016/j.blre.2021.100808.

12. Doroshow DB, Eder JP, LoRusso PM. BET inhibitors: a novel epigenetic approach.
Ann Oncol. 2017;28:1776-87.

13. Gopalakrishnan R, Matta H, Tolani B, Triche T Jr, Chaudhary PM. Immunomodu-
latory drugs target IKZF1-IRF4-MYC axis in primary effusion lymphoma in a
cereblon-dependent manner and display synergistic cytotoxicity with BRD4
inhibitors. Oncogene. 2016;35:1797-810.

ACKNOWLEDGEMENTS

This study was funded by F. Hoffmann-La Roche Ltd. We are grateful to the
patients and their families, and the study team at the participating centers. We
thank XYZ. We also thank Fiona Russel-Yarde and Christian Seitz, Medical Writers
funded by F. Hoffmann-La Roche Ltd, for supporting the generation of the initial
draft and for editorial help with adapting the letter to journal guidelines,
respectively.

AUTHOR CONTRIBUTIONS

K.R., M.d.M., EN., E.C, LF. and K.L. designed the trial. K.R,, AN., H.Q., M.H,, R.P., M.L,,
S.AT,JL, CG, AC-K, MH. and H.J.C. recruited patients. E.N. did the statistical and
biometrical analyses. K.R., M.d.M,, EN., E.C,, LF., K.L. and M.K. interpreted the data
and contributed to the report. EN., E.C, LF. and M.K. accessed and verified the
data. All authors reviewed the letter and read and approved its final version. All
authors had full access to all the data in the study and had final responsibility for
the decision to submit for publication.

COMPETING INTERESTS

K.R.: Janssen: Consultancy, Honoraria, Membership on an entity’s Board of Directors or
advisory committees, Research Funding, Speakers Bureau; BMS: Consultancy, Research
Funding, Speakers Bureau; Takeda: Consultancy, Research Funding, Speakers Bureau;
Amgen: Consultancy, Honoraria, Research Funding; Abbvie: Consultancy, Honoraria;
Sanofi: Consultancy, Honoraria; Oncopeptides: Consultancy, Honoraria. ANN.: Adaptive
Technologies: Consultancy, Honoraria; Oncopeptides: Consultancy, Honoraria; Spectrum
Pharmaceuticals: Consultancy; GlaxoSmithKline: Consultancy, Honoraria, Other: Personal
Fees: Travel/accommodations/expenses, Research Funding; Takeda: Consultancy,
Honoraria, Research Funding; Celgene: Consultancy, Honoraria, Research Funding;
Janssen: Consultancy, Honoraria, Research Funding; Amgen: Consultancy, Honoraria,
Research Funding; Bristol Myers Squibb: Consultancy, Honoraria, Research Funding;
Sanofi: Consultancy, Honoraria; Karyopharm Therapeutics, Adaptive technologies:

Blood Cancer Journal (2021)11:149

Correspondence

Consultancy, Honoraria, Research Funding. H.Q.: Amgen, Celgene, Karyopharm, GSK,
Janssen Cilag, Sanofi. Membership on an entity’s Board of Directors or advisory
committees; GlaxoSmithKline, Karyopharm, Amgen, Celgene, Janssen Cilag: Consul-
tancy; GlaxoSmithKline, Karyopharm, Amgen, Celgene, Janssen Cilag: Honoraria; Amgen,
Sanofi, Celgene, Karyopharm, GSK: Research Funding. M.H.: City of Hope Medical Center:
Current Employment. R.P.. AbbVie: Consultancy, Honoraria; Celgene: Consultancy,
Honoraria; Takeda: Consultancy, Honoraria, Other: Travel support, Research Funding;
Bristol Myers Squibb: Consultancy, Honoraria; GSK: Consultancy, Honoraria, Other:
TRAVEL, ACCOMMODATIONS, EXPENSES (paid by any for-profit health care company);
Janssen: Consultancy, Honoraria, Other: TRAVEL, ACCOMMODATIONS, EXPENSES (paid
by any for-profit health care company). M.L:: Jazz Pharmaceuticals: Membership on an
entity’s Board of Directors or advisory committees; GSK: Membership on an entity’s
Board of Directors or advisory committees; Pfizer: Honoraria; Janssen: Membership on
an entity’s Board of Directors or advisory committees; Celgene: Membership on an
entity’s Board of Directors or advisory committees; Caelum: Membership on an entity’s
Board of Directors or advisory committees; Adaptive: Membership on an entity’s Board
of Directors or advisory committees. S.AAT.. Caelum: Honoraria; Sanofi: Honoraria,
Research Funding; Amgen: Research Funding; Janssen: Research Funding; Oncopep-
tides: Consultancy; Roche: Research Funding; Karyopharm: Honoraria, Research Funding;
Celgene: Honoraria, Research Funding, Speakers Bureau. J.L.: nothing to disclose. C.G.:
nothing to disclose. A.C.-K.: nothing to disclose. M.H.: Gilead: Membership on an entity’s
Board of Directors or advisory committees; MSD: Membership on an entity’s Board of
Directors or advisory committees; Abbvie: Honoraria; BMS: Honoraria; Takeda: Honoraria,
Membership on an entity’s Board of Directors or advisory committees; Janssen:
Honoraria, Membership on an entity’s Board of Directors or advisory committees; Roche:
Honoraria, Membership on an entity’s Board of Directors or advisory committees, Other:
Support of parent study and funding of editorial support. M.d.M.: BioNTech SE: Current
Employment, Current equity holder in the publicly-traded company; Hoffmann-La
Roche Ltd.: Current equity holder in a publicly-traded company, Ended employment in
the past 24 months. ENN.: Hoffmann-La Roche Ltd.: Current Employment, Current equity
holder in the publicly-traded company. E.C: Hoffmann-La Roche Ltd.: Current
Employment, Current equity holder in the publicly-traded company. IF.: Hoffmann-La
Roche Ltd.: Current Employment, Current equity holder in the publicly-traded company.
KL: Roche Diagnostics GmbH: Current Employment, Current equity holder in the
publicly-traded company. M.K:: Hoffmann-La Roche Ltd.: Current Employment, Current
equity holder in the publicly-traded company. HJ.C: Paid employee of the MMRF;
research funding from Takeda, Celgene, and Genentech.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41408-021-00545-w.

Correspondence and requests for materials should be addressed to Karthik
Ramasamy.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

SPRINGER NATURE


https://doi.org/10.1016/j.blre.2021.100808
https://doi.org/10.1038/s41408-021-00545-w
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	A phase 1b dose-escalation/expansion study of BET inhibitor RO6870810 in patients with advanced multiple myeloma
	Data Sharing
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




